rum amylase levels, C-reactive protein and IAP were significantly lower and liver and kidney function was significantly better than those of the control group ( p < 0.05). IAP on admission to the ICU was high, at 22.9 ± 2.1 mm Hg. The IAP was significantly lower to 17.2 ± 2.2 mm Hg ( p < 0.01) 24 h after the initiation of CVVH, and thereafter decreased rapidly. The average blood level of IL-8 was high at 88.2 ± 25.1 ng/L on admission. However, it significantly decreased to 63.2 ± 18.7 ng/L ( p < 0.01) 24 h after the initiation of CVVH, and subsequently decreased. There was a significant positive correlation between the blood level of IL-8 and IAP( r = 0.62, p < 0.01). Conclusions: CVVH is effective to decrease the IAP and the blood level of IL-8 in ACS patients of SAP. The blood level of IL-8 was significantly correlated with IAP, suggesting that IL-8 might play an important role in the pathogenesis of ACS. Early CVVH appeared to be effective in the treatment of ACS in patients with SAP through the removal of causative cytokines such as IL-8, and it thereby decreased interstitial edema to lower IAP and should be applied in the early stage of ACS. Video Journal Club 'Cappuccino with Claudio Ronco' at http://www.karger.com/?doi=480223. © 2017 S. Karger AG, Basel
Introduction
Severe acute pancreatitis (SAP) is most commonly characterized by cytokine activation, pancreatic necrosis, systemic inflammatory response syndrome (SIRS), and multiple organ dysfunction syndrome (MODS) [1, 2] . It is considered to be a manifestation of organ dysfunction resulting from the exacerbation of SIRS triggered by local inflammation in the pancreas. The fundamental pathophysiology of SIRS is hypercytokinemia, a pathological condition in which inflammatory cytokines are excessively released from immunocompetent cells and their blood levels increase. Interleukin-8 (IL-8) is one of inflammatory cytokines triggering SIRS and may activate various humoral mediator cascades that cause organ dysfunction [3] .
Abdominal compartment syndrome (ACS), a lethal complication of SAP, is defined as the combination of intra-abdominal pressure (IAP) >20 mm Hg and new-onset organ failure (OF) or acute worsening of existing OF [3] . The pathophysiology of ACS is considered to be directly associated with the pancreas inflammation, which initiates a cascade of acute peripancreatic fluid collections (APFC), capillary leakage syndrome (CLS), and paralytic ileus leading to an elevated IAP [4, 5] . Several studies describing the effect of various interventions to lower IAP in SAP patients with both medical and surgical measures have been published in recent years [6, 7] . Despite all these evidence-based advances in the evaluation and treatment of SAP patients with ACS, ACS remains a life-threatening complication. In previous studies [7, 8] , continuous veno-venous hemofiltration (CVVH) was found to efficiently remove various humoral mediators to prevent the deterioration of SIRS to the MODS in SAP, and have reported its efficacy in SAP patients [9, 10] . But, there are a few reports regarding ACS therapy with CVVH.
So, we conducted a retrospective study to assess the efficacy of CVVH in the treatment of ACS in SAP patients and probed the relationship between IL-8 and IAP in these patients to prospectively evaluate whether cytokine (such as IL-8) removal with CVVH is effective in treating of ACS in SAP.
Materials and Methods

Patients and Sample Collection
Twenty-five patients with SAP who were admitted to the intensive care unit (ICU) of Affiliated Yidu Central Hospital of Weifang Medical College within 72 h after the onset of the disease were collected as the treatment group. Other 11 patients were set up as the control group that received no hemofiltration and surgical treatment due to economic or other reasons but solely conventional treatment. Serum amylase, liver and kidney function, and C-reactive protein were investigated before and after treatment in both groups. The study period extended from January 2013 to December 2015. Inclusion criteria for SAP were defined according to the Atlanta criteria [11] . The study protocol was in agreement with the guidelines of the Ethics Committee at our hospital. The severity of SAP was evaluated according to the Ranson score, acute physiology and chronic health evaluation score II, CTgrade. The blood level of IL-8 was determined daily in a clinical laboratory using a rapid measurement. IAP exceeded more than 20 mm Hg on admission in all cases, demonstrating that they already had ACS.
Continuous Veno-Venous Hemofiltration
Continuous veno-venous hemodiafiltration was performed using Diapact CRRT B. Braun Co. (Melsungen, Germany). Synthetic high-volume membrane filters with a surface area of 1.5-2.2 m 2 were used and changed every 24 h or when filter blocking occurred. Vascular access was obtained by a double-or triple-lumen catheter using the femoral or jugular vein. Anticoagulation was provided with non-fractioned heparin, adjusting the dosage according to the value of activated partial thromboplastin time in the plasma. The procedure was performed with a low dose of heparin or without it when possible. The substitution fluid infusion rate was 1,250-1,750 mL/h in a pre-diluted or post-diluted manner, comprising 30-42 L of the total substitute in 24 h. The blood flow rate was 50-200 mL/min. The ultrafiltration rate was adjusted according to the diuresis and fluid balance.
Other Treatments
All patients were treated with fasting, gastrointestinal decompression, acid suppression therapy. Synthetic protease inhibitor, gabexate mesilate (300 mg/day; FOY, Changzhou Pharmaceutical Co., Jiangsu, China) was administered with systemic continuous infusion and octreotide (0.3 mg, Novartis Pharmaceutical Co., Switzerland) were dissolved into the saline (48 mL) continually infused twice a day for the treatment of pancreatitis. Fluid, electrolytes, albumin, and insulin were replaced depending on central venous pressure (6-10 mm H 2 O), hematocrit (30-35%), urinary excretion, and blood glucose measurement. All patients received systemic administration of antibiotics to prevent infectious complications. Nutritional support was initially started with total parenteral nutrition, which was later combined with enteral feeding as soon as gastrointestinal peristaltic movement was confirmed. Patients who developed acute respiratory distress syndrome underwent tracheal intubation to enable ventilatory support according to the protective-ventilation strategy [12] .
Measurements of IAP and Determination of Blood Level of IL-8
IAP was measured with a catheter inserted into the bladder, according to the standard technique established by WSACS in 2006 [13] . Twenty-five milliliter of 0.9% NaCl was instilled, and the midaxillary line was considered level 0. The IAP was determined every 12 h in the intensive care. All patients underwent consecutive IAP monitoring for at least 7 days. Serum levels of IL-8 were determined by enzyme-linked immunosorbent assay (Rapidbio 
Statistics
Values are expressed with means ± SD. Daily changes in mean blood levels of IL-8 and IAP were tested by repeated measure oneway analysis of variance with a post hoc test using Fisher's protected least significant difference. The correlation between 2 parameters was tested by simple regression analysis. A p value <0.05 was considered significant. SPSS 13.0 software application was used for all analysis.
Results
Changes of patients' serum biochemical indexes in 2 groups before and after treatment of 7 days are shown in Table 1 . The biochemical parameters such as serum amylase, calcium, creatinine, and CRP in the 2 groups were significantly ameliorated compared with their values before treatment, but the improvement was more obvious in the treatment group. Of the 25 patients who had received intensive care including CVVH in the present study, 23 patients recovered and were eventually discharged. Two patients gradually deteriorated and therefore underwent open abdomen management. One died of multiple OF and the other died from septicopyemia. There were 4 patients who died of multiple OF in the control group. IAP began to decline on day 3 in the control group, but in the treatment group, IAP had decreased significantly since day 1 upon CVVH treatment. Also, IAP dropped from day 1 continuously to day 6 in the treatment group, which was statistically significant in comparison to the results before treatment. By day 6, IAP of the treatment group had fallen into about the normal range. IAP values recorded on days 1, 2, 3, 4, 5, and 6 after CVVH treatment were significantly lower than those of the control group ( p < 0.05). The time course of the changes in IAP during the 7 days following the initiation of treatment in 2 groups is shown in Figure 1 .
Serum IL-8 levels were significantly increased in the 2 groups before treatment. After treatment, the serum IL-8 levels decreased gradually in the 2 groups, but decreased more significantly in the treatment group. Differences of IL-8 levels between the 2 groups at the same time point were statistically significant ( p < 0.05). The time course of the change in blood level of IL-8 in 2 groups during the 7 days of initiation of treatment is shown in Figure 2 .
The correlation between blood level of IL-8 and simultaneously measured IAP is shown in Figure 3 . The blood level of IL-8 was found to be significantly and positively correlated with IAP ( r = 0.62, p < 0.01). Figure 4 shows the correlation between changes in IL-8 (ΔIL-8; difference between the value of IL-8 before treatment and corresponding value after 3 days of treatment with CVVH) and changes in IAP (ΔIAP; difference between IAP before treatment and 3 days after treatment). There was a significant correlation between the 2 ( r = 0.67, p < 0.01). Figure 5 shows the correlation between cumulative water balance (CWB) during the 3 days after treatment and ΔIAP. There was no correlation between CWB and ΔIAP.
Discussion
SAP is characterized by the development of local pancreatic complications, OF, or both. It has been widely accepted that SAP is a typical SIRS caused by local inflammation in the pancreas [14, 15] . SAP injures the pancreas itself as well as the surrounding organs. In SAP, several inflammatory mediators contribute to increased capillary permeability in various organs, which together with aggressive fluid resuscitation may result in visceral edema and the development of intra-abdominal hypertension and at last develop ACS [16, 17] . ACS, which is defined as a sustained IAP greater than 20 mm Hg that is associated with the development of organ dysfunction or failure [18] , is the most severe form of acute pancreatitis. Studies show that 11-30% of SAP patients have ACS, which has a high mortality rate of 30-60%, despite significant improvement in treatment due to the better understanding of the pathophysiology of disease, early aggressive fluid resuscitation, and timely surgical intervention. At present, it is well accepted that SAP patients with SIRS have a high risk of developing ACS [19] . Blood levels of various cytokines are elevated in SAP and among them, the blood level of IL-8 as one of main inflammatory cytokines has been reported to reflect the severity of SAP. But, there are a few reports regarding the correlation between the blood level of IL-8 and IAP. In many studies, CVVH was found to efficiently remove various humoral mediators such as IL-8 in the blood stream to prevent the deterioration of SIRS and that thereby it is useful for preventing or treating MODS [20, 21] . However, the clinical efficacy of CVVH in the treatment of SAP with ACS and its mechanism in reducing IAP have not been reported in the literature. So we have performed CVVH to treat ACS in SAP patients in combination with systemic administration of gabexate mesilate and octreotide for the treatment of pancreatitis, and in combination with the administration of antibiotics for the prevention of infectious complications.
In this study, patients with SAP had developed ACS on admission. The blood level of IL-8 was also high, but it was rapidly lowered after the initiation of CVVH. During the treatment of CVVH, fluid balance was strictly controlled with continuous water removal through filtration by CVVH to maintain circulating blood volume and avoid multiple OF. Is the decrease of IAP is associated with limiting water intake? Our research found that there was no correlation between CWB and change in IAP, so the water removal has not contributed to the lowering of IAP, which is consistent with the findings of the research conducted by Oda et al. [9] . Other treatment methods affecting IAP, such as abdominal drainage to remove peritoneal fluid, has not been applied. So IAP was significantly decreased mainly due to CVVH. Correlation analysis showed there was a significant positive correlation between the blood level of IL-8 and IAP. And changes before and after treatment in IL-8 levels were also significantly correlated with changes in IAP. Furthermore, there was no correlation between CWB and changes in IAP, so we are of the opinion that elevated IL-8 is one of the inflammatory cytokines contributing to ACS. Removal of causative humoral mediators such as IL-8 due to CVVH application improved vascular permeability and subsequent fluid refilling from the interstitium-lowered IAP. Twenty-three of 25 patients were successfully recovered from ACS without exacerbation and were discharged from the hospital, yielding a survival rate of 92%. But in the control group, 4 of 11 patients died due to multiple OF. These results suggest that CVVH, which can effectively remove cytokines and thereby regulate SIRS, is effective in the treatment of ACS in patients with SAP. In our study, 2 patients in the treatment group gradually deteriorated and therefore underwent open abdomen management. One died of multiple OF and the other died from septicopyemia. At present, it has been widely accepted that most cases of ACS with SAP should be treated with non-surgical supportive care, and that surgery should be performed only when patients' symptoms are complicated with infected pancreatic necrosis. Furthermore, there is no uniform consensus on the indications for surgical decompression in ACS associated with SAP. Our study suggested that most cases of ACS with SAP recovered well through early CVVH, so we suggest that ACS of SAP should be applied to CVVH even in the early stage.
Conclusions
Our study confirmed that CVVH significantly decreased the IAP and the blood level of IL-8 in ACS patients of SAP. The blood level of IL-8 was significantly correlated with IAP, suggesting that IL-8 may play an important role in the pathogenesis of ACS. CVVH effectively lowered the blood level of IL-8 and significantly reduced IAP by removing cytokines, thereby controlling SIRS. So we think that CVVH is effective for preventing and treating ACS patients of SAP, and that it should be applied in the early stage of ACS. Furthermore, the need for surgical interventions in ACS patients can be decreased with the improvement of nonsurgical intervention techniques. The underlying mechanism of ACS demands for further clarification in a prospective multicenter study.
